Experimental Section

General
All chemicals were purchased from Sigma-Aldrich (St. Louis, MO). HPLC grade solvents were purchased from Fisher Scientific (Nepean, ON, Canada). Reactions were performed using glassware that was oven-dried. Air-and moisture-sensitive liquids and solutions were transferred via syringe or stainless steel cannula. Organic solutions were concentrated under reduced pressure (~15 Torr) by rotary evaporation. Solvents were purified by passage under 12 psi through activated alumina columns.
Desorption electrospray ionization mass spectrometric (DESI-MS) study
DESI-MS studies were performed on a high-resolution mass spectrometer (Thermo Scientific LTQ Orbitrap XL Hybrid Ion Trap-Orbitrap mass spectrometer) using a homebuilt DESI source. The source was constructed by using an inner fused silica capillary (100 µm i. produced from this DESI source at ambient temperature and atmospheric pressure, was directed to the analyte surface (on a glass plate) at an incident angle ~55 o with the spray tip-to-surface distance of ~5 mm, spray tip-to-mass spectrometric inlet distance of ~10 mm, and collection angle of ~5 o . The charged droplets were produced either in negative ion mode (-5 kV spray voltage) or at positive ion mode (+5 kV spray voltage), at 10 µL/min solvent (1:1 v/v acetonitrile and water) flow through silica tubing with the coaxial nebulizing gas flow (N 2 at 120 psi). The splashing of these charged microdroplets on the analyte surface resulted in the formation of secondary microdroplets encapsulating the analyte molecules (ions), which were then transferred to the mass spectrometer through a heated capillary causing the complete desolvation of the analyte ions. The heated capillary (MS inlet) temperature and voltage were maintained at 275°C and 44V respectively. Helium was used as the collision gas in the collision induced dissociation cell (CID cell; an ion trap). CID spectra (MS2) were acquired using an isolation width of 0.9 m/z unit with activation Q and activation time set to 0.25 and 30 ms respectively. The normalized collision energy was set to 18 % in the CID. All experiments were carried out under identical conditions, S2 unless otherwise stated. The ion optics were tuned to ensure maximum ion count. Data acquisition was performed using XCalibur software (Thermo Fisher Scientific).
Nuclear magnetic resonance (NMR) study
NMR spectra were acquired on either a Varian Inova-600 operating at 600 and 150 MHz, a Varian Inova-300 operating at 300 and 75 MHz, a Varian Mercury-400 operating at 400 and 100 MHz, 
Reactionsfor the kinetic study
A 5 mL reaction vial was charged with 4-phenylbutyric acid (0.25 mmol), Cu(OAc) 2 •H 2 O(25mol, 0.1 equiv), and K 2 S 2 O 8 (0.375 mmol, 1.5 equiv). To this mixture was added 1.2 mL of acetic acid and 1.2 mL of H 2 O. The vial was sealed and immersed into an oil bath pre-heated to 105 °C, and the reaction mixture was stirred for the desired time (0, 0.5, 1.25, 1.75, 2, 3, 4, 5, and 10 min). The reaction contents were immediately transferred to a 60 mL separatory funnel filled with 10 mL of 1.0 M aqueous HCl and 10 mL of CH 2 Cl 2 . After vigorous shaking, the organic layer was collected and the aqueous fraction was extracted with 1 x 10 mL of CH 2 Cl 2 and 1 x 10 mL of EtOAc. The combined organic fractions were dried over Na 2 SO 4 and filtered. pNitrotoluene (0.25 mmol) was added as an internal standard and the solution was concentrated under reduced pressure; 1 H NMR was used to estimate reaction conversion and product ratios ( Figure S2 ).
Reactions for DESI-MS studies
A 1-dram reaction vial was charged with the substrate (0.25 mmol), Cu(OAc) 2 •H 2 O (25 mol, 0.1 equiv), and K 2 S 2 O 8 (0.375 mmol, 1.5 equiv). To this mixture was added 1.2 mL of AcOH and 1.2 mL of H 2 O. The vial was sealed, placed on a heating block preheated to 105 °C, and the reaction mixture was stirred for 2 min. Following this time, a 10 μL reaction aliquot was rapidly pipetted S3 and dispensed on a glass microscope slide placed under the charged microdroplet stream in the DESI probe (Figures 1 and S1 ).
Online ESI-MS study
The online ESI-MS experiment for real time monitoring of the Cu(I) species was performed using the pressurized infusion method originally described by McIndoe and coworkers (Vikse, K. L.;
Woods, M. P.; McIndoe, J. S. Organometallics 2010, 29, 6615-6618). A photograph of the setup used in this study is shown in Figure S12 . The syringe flow rate (acetonitrile) was maintained at 5 µL/min and the nitrogen gas pressure in the Schlenk flask was kept at 4 psi. The reaction in the 
Reactions for Hammett analysis
A 5 mL reaction vial was charged with 4-phenylbutyric acid (0.25 mmol) and either 4-(4-methoxyphenyl)butyric acid (0.25 mmol), 4-(4-bromophenyl)butyric acid (0.25 mmol), 4-(4-acetamidophenyl)butyric acid (0.25 mmol), 4-(4-tert-butylphenyl)butyric acid (0.25 mmol) or 4-(4-nitrophenyl)butyric acid (0.25 mmol), Cu(OAc) 2 •H 2 O (25 mol, 0.1 equiv), and K 2 S 2 O 8 (0.375 mmol, 1.5 equiv). To this mixture was added 1.2 mL of AcOH and 1.2 mL of H 2 O. The vial was sealed and immersed in an oil bath pre-heated to 105 °C, and the reaction mixture was stirred for 2 h. The reaction contents were transferred to a 60 mL separatory funnel to which 10 mL of 1.0 M aqueous HCl and 10 mL of CH 2 Cl 2 were then added. The organic layer was collected and the aqueous fraction was extracted with 1 x 10 mL of CH 2 Cl 2 and 1 x 10 mL of EtOAc. The combined organic layers were dried over Na 2 SO 4 , filtered, and concentrated under reduced pressure. Product ratios were determined by integrating relevant signals in the 1 H NMR spectra.
Synthesis of Barton ester 7
S4
Barton ester 7 was synthesized according to a modified procedure of Barton and Ferreira (Barton, D.H.R.; Ferreira, J.A. Tetrahedron, 1996, 52, 9347-9366) . To a 100 mL round-bottom flask was added 2-phenethylbenzoic acid (2.0 g, 8.80 mmol) and 30 mL of CH 2 Cl 2 . The flask was wrapped in aluminum foil and placed in an ice bath. To the stirring solution was added 2-mercaptopyridine N-oxide sodium salt (1.36 g, 9.12 mmol, 1.03 equiv), N,N'-dicyclohexycarbodiimide (1.82 g, 8.82 mmol, 1.0 equiv), and 4-(dimethylamino)pyridine (0.10 g, 0.82 mmol, 0.09 equiv). The mixture was slowly warmed to room temperature and stirred for 12 h. Following this time, the contents were filtered through a small pad of Celite, and the flask and filter cake were rinsed with 30 mL of CH 2 Cl 2 . The combined filtrates were concentrated under reduced pressure to a yellow oil.
Purification of this material by chromatography on silica gel (25% EtOAc/hexanes) yielded Barton ester 7 as a bright yellow oil.
Barton ester thermolysis (Scheme 3a)
A 5 mL reaction vial was charged with Barton ester 7 (34 mg, 0.100 mmol) to which 2.5 mL of deoxygenated (N 2 sparged, 15 min) BrCCl 3 was then added. The vial was sealed and immersed in an oil bath pre-heated to 105 °C, and the mixture was stirred for 2 h, during which time the color of the reaction faded from bright yellow to pale yellow. The vial was then removed from the oil bath and allowed to cool to room temperature. The reaction contents were transferred to a 25 mL round bottom flask with 5 mL of CH 2 Cl 2 and the solution was concentrated under reduced pressure to a yellow oil. Product ratios were determined by integrating relevant signals in the 1 H NMR against p-nitrotoluene as an internal standard.
Cyclization of 10 with PhI(OAc) 2 and I 2 (Scheme 3b)
A 5 mL reaction vial was charged with 2-phenethylbenzoic acid (58 mg, 0.26mmol), PhI(OAc) 2 (89 mg, 0.28mmol, 1.1 equiv), and I 2 (70 mg, 0.28mmol, 1.1 equiv) to which 2.5 mL of dichloroethane was then added. The reaction vial was sealed, immersed in an oil bath preheated to 75 °C, and irradiated with a 500 W tungsten filament lamp for 1.5 h. The bath temperature increased to 85 °C during the course of the reaction. Following this time, the contents of the reaction vial were transferred to a 60 mL separatory funnel with 10 mL of CH 2 Cl 2 .The organic layer was washed with 1 x 15 mL of saturated aqueous Na 2 S 2 O 3 and 1 x 15 mL of 1.0 M aqueous NaOH. The organic fraction was collected, dried over Na 2 SO 4, filtered, and concentrated under S5 reduced pressure to a yellow oil. Product ratios were determined by integrating relevant signals in the 1 H NMR spectra against p-nitrotoluene as an internal standard.
Synthesis of the pyridinium salt of 4-(benzyloxy)-4-oxo-1-phenylbutyl sulfate (11)
To a solution of 3-benzoylpropionic acid (2.0 g, 11.2 mmol) in 15 mL of DMF was added K 2 CO 3 (1.86 g, 13.5 mmol, 1.2 equiv) and benzyl bromide (2.0 mL, 16.8 mmol, 1.5 equiv). After stirring for 2 h, the reaction mixture was diluted with 50 mL of Et 2 O, transferred to a separatory funnel, and washed with 150 mL of saturated aqueous NaCl solution. The organic fraction was collected and concentrated under reduced pressure to a yellow oil. The material was determined by 1 H NMR to be sufficiently pure for use in the next step.
To an ice-cold solution of benzyl-4-oxo-4-phenylbutanoate (2.7 g, 10.0 mmol) in 30 mL of a 1:1 Et 2 O/MeOH solution was added a single portion of NaBH 4 (0.2 g, 5.2 mmol, 0.5 equiv). After stirring for 1 h at 0 °C, the reaction was quenched by slow addition of 10 mL of saturated aqueous NaHCO 3 . The reaction contents were transferred to a separatory funnel with 20 mL of CH 2 Cl 2 .
The organic phase was collected and the aqueous phase was extracted with an additional 30 mL of CH 2 Cl 2 . The combined organic extracts were dried over anhydrous Na 2 SO 4 , filtered, and concentrated under reduced pressure to a yellow oil. Purification of this material by chromatography on silica gel (3:1 hexanes/EtOAc) afforded the benzyl-4-hydroxy-4-phenylbutanoate as a clear oil (2.05 g, 76% over 2 steps).
To a solution of benzyl-4-hydroxy-4-phenylbutanoate (2.05 g, 7.50 mmol) in 10 mL of pyridine 
